Purpose. Radioactive iodine (RAI) is widely used for adjuvant therapy after thyroidectomy, while its value for thyroid cancer has been controversial recently. The primary objectives of this study were to clarify the influence of Radioactive iodine (RAI) on the survival in rare oxyphilic subtype of thyroid cancer (Hürthle cell carcinoma, HCC). Methods. Patients diagnosed with oxyphilic thyroid carcinoma from 2004 to 2015 were extracted from the Surveillance, Epidemiology, and End Results Program database. The Kaplan-Meier method was used to compare overall survival (OS) and cancerspecific survival (CSS) among patients who had adjuvant RAI use or not. Univariate and multivariate Cox proportional hazard models were performed for survival analysis, and subsequently visualized by nomogram. Results. In all, 2,799 patients were identified, of which 1529 patients had adjuvant RAI use while 1,270 patients had not. Based on multivariate Cox analysis, the RAI therapy confers an improved OS for HCC patients (HR = 0.57, 95% CI [0.44-0.72], P < 0.001), whereas it has no significant benefit in the survival analysis regarding CSS (HR = 0.79, 95% CI [[0.47-1.34], P = 0.382). In a subgroup analysis, the same survival benefit of RAI treatment on OS, but not CSS was observed among patients stratified by AJCC stage and tumor extension. Nevertheless, patients with regional lymph node metastasis benefited from RAI therapy both in OS and CSS (P < 0.001, respectively). Furthermore, nomograms used for predicting long term survival of HCC patients exhibited a better prediction power for OS compared with traditional tumor, nodal and metastatic (TNM) stage made by American Joint Committee on Cancer (AJCC) (C-index = 0.833 of the nomogram model vs. 0.696 of the AJCC system). Conclusions. This study suggests that RAI therapy is significantly associated with improved OS in patients with Hürthle cell carcinoma. However, there was no association between treatment with radioiodine and CSS, possibly due to small number of deaths that were related to HCC.
INTRODUCTION
Oxyphilic thyroid carcinoma, also known as Hürthle cell carcinoma (HCC), is a rare and more aggressive thyroid cancer developed from Hürthle cells. Generally speaking, Hürthle cells, or oxyphilic cells, are large polygonal cells with distinct borders in appearance originated from thyroid follicular epithelium (Ahmed et al., 2008) . This rare type of thyroid cancer is comparatively less studied and accounts for 3-4% of all thyroid cancers (Hundahl et al., 2015) . HCC, unlike its benign counterpart called Hürthle cell adenoma, is identified as thyroid malignancy characterized with presence of capsular or vascular invasion, which cannot be determined by fine needle aspiration (FNA) (Mills et al., 2009) . Moreover, the World Health Organization categorizes HCC as a variant of follicular carcinoma, hinting that HCC exhibits some characteristics similar to those of follicular carcinoma (Phitayakorn & McHenry, 2006) . Specifically, according to the extent of vascular invasion, HCC can also be subdivided into minimally invasive type and extensive invasive type (Ganly et al., 2013) . It has been well accepted that HCC have a high propensity for local invasion, lymphatic metastasis to the neck, or distant metastasis. As a consequence, patients suffered from HCC have a poor prognosis in comparison with other differentiated thyroid carcinoma due to its relatively higher recurrence rate and disease-specific mortality rate (Ghossein et al., 2006; Kushchayeva et al., 2004; Shaha, Shah & Loree, 1996) .
Radioactive iodine (RAI) therapy is known widely to be effective in the treatment of thyroid cancer after thyroidectomy. However, as thyroid cancer treatment gradually tends to be conservative, the accurate survival benefit of postoperative RAI therapy remains disputable. Recently, there are increasing number of studies focusing on assessing the impact of postoperative RAI therapy on survival of thyroid cancer patient with different risk of recurrence identified by the American Thyroid Association (ATA) risk stratification system, and the results have varied (Ruel et al., 2015; Schvartz et al., 2012) . However, to date, there is no reliable large population based research evaluating whether patients with HCC can benefit from postoperative RAI therapy. Hence, since HCC patients are considered to be refractory to RAI therapy because of its decreased avidity for I 131 (Besic et al., 2003; Lopez-Penabad et al., 2003) , accurately evaluating the role of RAI therapy on the prognosis of HCC has become increasingly important.
In current study, a large population of HCC patients were identified in the Surveillance, Epidemiology, and End Results (SEER) database. Overall survival (OS) and cancer-specific survival (CSS) were comprehensively compared between patients who had been treated with RAI therapy and those who had not. The purpose of this study was to evaluate whether implementing RAI therapy could exert a clinical benefit in improving survival in patients with oxyphilic thyroid carcinoma.
MATERIALS & METHODS

Patient selection and variables extracted
The SEER program is the largest publicly available cancer dataset containing information on cancer incidence, patient characteristics, and survival from various locations throughout the United States, which represents approximately 28% of the US population (Wu et al., 2017) . In our study, we signed a SEER research data agreement form to access the SEER data. Then, all the information of patients diagnosed with oxyphilic thyroid carcinoma (ICD-O-3 8290/3) from 2004 to 2015 were retrieved from 18 registries Custom Data (with additional treatment fields) using the SEER*Stat program (v 8.3.5) . The inclusion criteria was as follows: (a) patients whose complete dates are available (i.e., date last contact ≥ date of diagnosis); (b) radiation recode was ''None'' or ''Radioisotopes''; in addition, patients with unknown surgical type were excluded. Finally, a total of 2799 eligible patients were evaluated in this study. Since the SEER database is public and available worldwide, the informed consent is not required.
Variables including age, race, gender, marital status, surgery type, lymph nodes surgery type, chemotherapy recode, extension, AJCC TNM classification and tumor size, SEER cause-specific death classification, vital status and survival months were extracted and assessed. OS was defined as the date from diagnosis to death for any cause. CSS was defined as that the death were attributed directly to oxyphilic thyroid carcinoma.
Statistical analysis
In this study, age was divided into < 45, 45-64 and ≥ 65 years respectively. Marital status was coded into two categories: married and not married (single, widowed, separated and divorced). Since the detection rate of papillary thyroid microcarcinoma (PTMC) is increasing continually, partly due to rapid development of imaging diagnostic techniques, we redivided HCC into three subgroup (≤10 mm, 11-39 mm and ≥40 mm) according to tumor size. A chi-square test was utilized to assess the baseline characteristics between RAI and no RAI group. Univariate and multivariate logistic regression analysis were used to identify factors associated with treatment of radioiodine. Kaplan-Meier plot and log-rank test were used to compare differences of OS and CSS between RAI and no-RAI group. Univariate and multivariate Cox proportional hazard model were performed for survival analysis in OS and CSS, and subsequently visualized by nomogram. All the statistical analyses were performed using SPSS 24.0 (Chicago, IL, USA). All the survival curve and nomogram were plotted using R software version 3.4.4. A two-tailed P < 0.05 was considered statistically significant.
RESULTS
Demographic characteristics of patients
According to the inclusion criteria, a total of 2,799 patients diagnosed with Hürthle cell carcinoma were identified from the SEER database, of which 1,529 patients received adjuvant RAI therapy while 1,270 patients did not receive RAI therapy. The baseline characteristics in each group are summarized in the RAI group had higher proportion of 45-64-year-old age (45.3% vs 40.6%) and marriage (61.7% vs 56.2%) compared with no-RAI group. In addition, patients in RAI group tended to have tumor being larger, later AJCC stage and more extent of extrathyroidal invasion than those in the no-RAI group. Moreover, the RAI group had a higher percentage of total thyroidectomy (85.6% vs 57.6%) and regional lymph nodes dissection (34.7% vs 22.9%) than no-RAI group. The surprising thing is that there are 7% percentage of patients in no-RAI group who did not receive surgery treatment. Taking into consideration that HCC is only diagnosed in histologic analysis (Mills et al., 2009 ), its diagnosis is most likely to come from the autopsy according to surgery codes of thyroid gland supplied by SEER program.
Factors associated with use of radioactive iodine therapy
For the purpose of better understanding the clinicopathological factors associated with implementing of RAI therapy, univariate and multivariate logistic regression analysis were performed (Table 2) . In univariate analysis, we demonstrated that age ≥ 65, not married, and patients received partial thyroidectomy or no surgery were less likely of receiving RAI therapy. Patients who underwent regional lymph nodes dissection and had tumors with aggressive characteristics, such as larger tumor size and more extrathyroidal involvement, were significantly associated with increased propensity of RAI use. Moreover, the multivariate logistic analysis further suggested that patients who were younger age, larger tumor size, received total thyroidectomy or regional lymph nodes dissection were more liable to be treated with RAI therapy.
Survival analysis of all population
The median follow-up duration in this study was 5.2 years (mean, 5.4 years; range, 0 to 12 year). Of all the 2,799 patients finally evaluated, a total of 337 patients were dead at the time of last follow-up. Importantly, 85 patients were dead directly from oxyphilic thyroid carcinoma. Subsequently, the Kaplan-Meier plots was utilized to compare the overall survival (OS) and cancer specific survival (CSS) between patients who had, or had not received RAI therapy. As shown in Fig. 1 , patients received RAI therapy had better OS (P < 0.05) than patients who had not received RAI therapy, whereas there is no statistical significance for CSS between the two group (P = 0.11).
Cox proportional models were applied to assess the multiple factors related to survival. As shown in Table 3 , the univariate analysis displayed that older age, male, not married, advanced AJCC TNM stage, larger tumor size (≥ 40 mm) and extrathyroidal invasion were poor prognostic factors for OS of patients (HR > 1, P < 0.05), whereas treatments with RAI, total thyroidectomy and regional lymph nodes dissection were proved to be protective factors for better OS (HR < 1, P < 0.05). To consider the possible bias between two group, all the aforementioned variables were then enlisted into the multivariate analysis (Table 3) . Notablely, RAI use still exerted as protective factor for improved OS (HR = 0.57, 95% CI [0.44-0.72], P < 0.05), compared with no-RAI group. Importantly, both univariate and multivariate Cox regression analysis of CSS indicated that patients received RAI therapy has no significant survival advantage over the patients without use of RAI (HR = 0.79, 95% CI [0.44-1.34], P > 0.05). The detailed Cox analysis for CSS were shown in Table 4 . Taken together, these results suggested that patients with oxyphilic thyroid carcinoma could benefit from RAI therapy in OS, but not in CSS.
Nomograms for OS and CSS
In order to predict the long term survival rate for patients with oxyphilic thyroid carcinoma, prognostic nomograms were depicted by eight prognostic factors, including age, sex, marital status, surgery type, RAI therapy, AJCC stage, lymph nodes metastatic status and distant metastatic status. Each factors mentioned above were proved to be significantly associated with OS in multivariate Cox proportional hazard regression model. As shown in Fig. 2A , each factors in the nomogram model could be ascribed a weighted point according to the point scale. The sum of the points could be used to predict the long term survival (3 year, 5 year and 10 year overall survival rate) according to the total points axis, wherein a higher score was deemed to have worse prognosis. Similarly, the nomogram employing aforementioned covariates was used to predict the cancer specific survival (Fig. 2B) . Subsequently, the C-index for the multifactorial nomogram and the traditional AJCC TNM staging system were calculated and compared to evaluate the predictive accuracies. For OS and CSS, the c-index were 0.833 and 0.882 respectively, which were higher than that of the traditional AJCC staging system (0.696 and 0.867 respectively). These results, taken together, suggested that the nomograms built in this study were better than the traditional AJCC stage system at predicting prognosis.
Impact of radioactive iodine on survival in subgroup
In order to better understand the influence of RAI therapy on prognosis for the oxyphilic thyroid carcinoma patients, we further studied the patients' OS and CSS in subgroup stratified by AJCC stage, extension and lymph nodes metastatic status. Regarding AJCC stage, the Kaplan-Meier plots showed significant OS (P < 0.05) difference with RAI use in stages I-IV, whereas there is no significant difference in CSS (P > 0.05) (Fig. 3) . In addition, similar results were shown in subgroup of patients who had oxyphilic thyroid carcinoma with or without extrathyroidal invasion (Fig. 4) . Furthermore, RAI therapy also acted a significant survival benefit in OS for patients with no regional lymph node metastasis, whereas there was no significant survival difference in CSS curves (Fig. 5) . However, in the subgroups of patients who had regional lymph node metastasis, RAI use has shown a significant survival advantage both in OS and CSS (Fig. 5) . Taken together, these data indicated that RAI therapy has significant survival benefits in OS for the whole oxyphilic thyroid carcinoma patients, whereas there seems to be no association between RAI treatment and CSS. Importantly, RAI therapy should be highly recommended for patients who had regional lymph node metastasis because of the survival benefit both in OS and CSS.
DISCUSSION
HCC, a rare histological type among differentiated thyroid carcinoma, is diagnosed mainly based on postoperative pathological examination, which is characterized with a finely granular eosinophilic cytoplasm with increased number of mitochondria in it (Montone, Baloch & LiVolsi, 2008) . HCC is classified to be oxyphilic variants of follicular thyroid cancer (FTC), and inconsistent results were reported by previous studies regarding the long term survival of HCCs compared with other differentiated thyroid carcinoma (Haigh & Urbach, 2005) . For example, some studies have proposed that HCC exhibits more aggressive and poor prognosis than conventional papillary carcinoma and efficacy or survival benefit of RAI use for HCC except for a few small retrospective studies (Kushchayeva et al., 2004; Lopez-Penabad et al., 2003) , largely because of its relative rarity. Therefore, multi-institutional trials should be pursued to standardize and reinforce the published management guidelines. In this study, we retrospectively analyzed the difference between two cohort of HCC patients received RAI treatment or not, based on a large population extracted from SEER database. We observed that patients who received RAI therapy tend to have tumors with later stage and receive more aggressive treatment like total thyroidectomy or regional lymph nodes dissection. Intriguingly, a higher proportion of patients who had married were observed in the RAI group. We also assessed the clinicopathological variables significantly associated with use of RAI therapy using the univariate and multivariate logistic regression analysis. Our result revealed that patients with younger age, larger tumor size and received total thyroidectomy or regional lymph nodes dissection were independent factors associated with use of RAI.
In order to evaluate whether adjuvant RAI therapy had an improved survival for HCCs patient, we performed survival analysis using Kaplan-Meier plots and Cox analysis. We demonstrated that the RAI therapy confers an improved OS for HCCs patients after taking into consideration of multiple clinicopathological variables in multivariate Cox's regression analysis. Interestingly, both univariate and multivariate Cox survival analysis showed that patients who have married had better OS than unmarried one. We hypothesized that either financial or psychological support from family could be an important contributing factors associated with good prognosis. Nevertheless, in the survival analysis regarding CSS, the result showed that no survival benefit of RAI therapy was apparent both in univariate and multivariate Cox proportional hazard regression model. However, of the totally 2,799 patients, only 85 cases were dead directly from Hürthle cell carcinoma, hence we can't conclude that HCCs patients didn't achieve survival benefits from implement of RAI therapy due to the insufficient statistical power of incidents. Further validation cohort or large prospective studies containing more patients death attributed directly to HCCs are needed in the future.
In our study, specific nomogram prediction models for OS and CSS were developed separately for patients with Hürthle cell carcinoma. Based on the results from multivariate Cox regression analysis, we utilized eight factors significantly associated with overall survival to predict long term survival in the nomogram model, in which a higher score point suggested worse prognosis. Subsequently, we evaluated the predictive accuracy of the nomogram model and compared to that of the traditional AJCC staging system though calculating the C-index. The results indicated that the nomogram model regarding OS showed a better prognosis power than traditional AJCC TNM staging system (C-index = 0.833 of the nomogram model vs. 0.696 of the AJCC stage system). So, our nomogram system appears to be a better alternative to predict long term survival in patients suffered from Hürthle cell carcinoma.
In order to evaluate the influence of RAI treatment on prognosis of HCC patients, we further stratified all the population for further survival analysis according to AJCC stage, status of regional lymph nodes and extent of extrathyroidal invasion. In consequence, we came to the same conclusion in subgroup survival analysis for patients both in I-II and III-IV population, and patients with or without extrathyroidal invasion. Notably, the subgroup analysis for patients suffered regional lymph node metastasis indicated that RAI therapy exerted survival benefits both in OS and CSS. As lymph node metastases are reportedly more common in patients with HCC (Evans & Vassilopoulou-Sellin, 1998) , our result highlighted the vital role of RAI therapy for HCC patients with regional lymph node metastasis Inevitably, the current study has some limitations. Firstly, the SEER database lacked information regarding cancer recurrence, which limited us to assess the impact of RAI treatment on locoregional recurrence. Secondly, the information, including dosage of RAI, extranodal extension and size of the largest metastatic lymph node were not available from SEER database, which were reported to have potential to affect the prognosis of thyroid cancer (Randolph et al., 2012; Wu et al., 2015) . Thirdly, well-known thyroid cancer oncogenes, such as BRAF, were not available or adjusted in our study. Furthermore, the number of events occurred in CSS analysis were too small and thus compromised the statistical power.
CONCLUSIONS
In summary, this study suggests that RAI therapy was significantly associated with improved OS in patients with Hürthle cell carcinoma. However, there was no association between treatment with radioiodine and CSS, possibly due to small number of deaths that were related to HCC.
